Linkage analysis of 15 Utah kindreds demonstrated that a gene responsible for von Recklinghausen neurofibromatosis (NF) is located near the centromere on chromosome 17. The families also gave no evidence for heterogeneity, indicating that a significant proportion of NF cases are due to mutations at a single locus. Further genetic analysis can now refine this localization and may lead to the eventual identification and cloning of the defective gene responsible for this disorder.
V ON RECKLINGHAUSEN NEUROFI- bromatosis (NF) is one of the most common autosomal dominant conditions in humans. Crowe et al. estimated the prevalence to be 1 in 2500 to 3300 (1) . From this figure and the assumption of a single autosomal dominant disorder, the mutation rate was estimated to be approximately 1 in 10,000 gametes per generation. This is one of the highest mutation rates in humans (2) . Characteristic manifestations of NF include cutaneous pigmentary changes, multiple benign neurofibromas, and iris hamartomas or Lisch nodules (3 (6) . As part of that report we presented preliminary data The two polymorphisms show apparent linkage equilibrium with each other, with an estimated combined heterozygosity ofover 50%. The figure shows cosegregation of NF with the A2 allele of the probe in each offour affected offspring. DNAs were prepared from lymphocyte nudei by standard methods and digested with a fivefold excess ofMsp I as suggested by the suppliers except that reactions were incubated at room temperature for 12 hours. Agarose gel electrophoresis, transfers to nylon membranes, nick translations, hybridizations, and autoradiography were performed as described (7, 8 Fig. 1 (7, 8 Results of pairwise analyses between NF and five chromosome 17 markers for our current data set are given in Table 1 . Analyses were performed with the LOD score method of Morton (9) as implemented in the LINKAGE programs (10) . Characteristics of the DNA markers are provided in Table 2 (11) (12) (13) (14) (15) . A maximum LOD score of 4.2 was observed for the centromeric marker, probe p3-6, at 4% recombination. There was no evidence of close linkage to any of the other chromosome 17 markers.
To identify candidate markers which (16) . Thirteen additional families from the CEPH panel (17) included a mixture of two-and three-generation families, also with large sibships. A database of genotypes for markers on chromosome 17 had been previously constructed on these families and linkage to chromosome 17 was detected for two previously unassigned markers, pA10-41 and pMCT35.1. Thus, seven marker loci on chromosome 17 were found to form a linkage group that included the centromere (Fig. 2) .
Estimates of recombination fractions and likelihoods for different orders were determined by multilocus linkage analysis with the LINKAGE program (10) . Results are reported in Fig. 2 . While the order of most ofthe markers is clear from the analyses, the orientation of pA10-41 with respect to the centromere remains unresolved. The recombination fraction in females was significantly higher than in males (P < 0.01).
The map led us to expect close linkage between NF and a previously unassigned marker, probe pAlO-41. Pairwise analysis of NF and pA10-41 for the complete data set confirmed our expectation. Detailed characteristics of the two significant NF linkages (p3-6 and pAlO-41) are reported in Table 3 in accordance with recommended guidelines (18) . Probe pA10-41 gave a maximum LOD score of 4.4 at 5% recombination (Oi = Of). LOD scores for individual families are given in Table 4 . All but one family were informative for at least one of the two linked markers. No evidence for heterogeneity among families was revealed by a statistical test for admixture (P = 0.5) (19) .
Because the relative order of the centro- Fig. 3 . Location scores for the NF locus relative to the best regional map of chromosome 17 (A) and the nearly equally likely alternative (B). The LINKMAP program of the LINKAGE package was used to determine the location of NF in relation to the two most likely maps of the region of interest, which included the p3-6, pA10-41, and plO-5 marker loci. The NF locus was moved along each fixed genetic map of marker loci, and the position ofthe NF gene within each map that maximized the likelihood of the observed family data was obtained.
mere and pA10-41 was unresolved, different locations for the NF gene were compared for two map orders and the overall odds in favor of the NF gene being located on each map were calculated. Fig. 3 (A and B) present these results. The overall odds in favor of NF belonging to this linkage group on this map are over 80 million to 1. The order of the centromere and pA10-41 loci within the linkage map remains unresolved. Furthermore the NF gene has nearly equal probability of falling into two intervals: between the centromere and p10-5 (Fig.  3A) or distal to the centromere (Fig. 3B) . When both the NF and reference families were used to refine the genetic map, the probability that NF is located between the Table 3 . Detailed results ofpairwise analyses for two DNA probes that show significant linkage to NF. Global maxima were 4.7 and 5.0 for p3-6 and pA10-41, respectively. Descriptions of the theoretical bases for considering different recombination fractions (0) for males (m) and females (f) have been described (18) . Symbols: 0, best estimate of 0; z(O), LOD score for that recombination fraction. (24) . In a similar set of experiments, the gene for chronic granulomatous disease has been identified (25) . Furthermore, evidence exists that the retinoblastoma gene may have been cloned (26) . In all three cases deletions were used to narrow down the range of candidate sequences (23) . If the process of tumor formation in NF-derived malignancies occurs by similar genetic mechanisms as for retinoblastoma, then the techniques used to isolate the retinoblastoma gene could be repeated to isolate the NF gene. DMD and neurofibromatosis have the highest mutation rates known in humans. In both cases, heterogeneity was a possible explanation until the linkage studies proved otherwise; this explanation is dearly an insufficient explanation for the mutation rate in NF given the consistency of our linkage results. In DMD, an unusually large gene size appears to be responsible for the high mutation rate. Therefore, a similarly large gene is a possible explanation for the high mutation rate in NF. It is thought that recombination is reduced near the centromeres (27) . Therefore, the approximately 4 centimorgans (cM) between NF and the centromere may represent a longer sequence of DNA than one would predict from the usual equation of 1 million bases per centimorgan. Our results still leave a region of at least 10 cM on either side of the centromere for the physical location of NF.
